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TRACS Computer Manual

Propulsion and Braking

SEPTA NHSL N-5 CAR

1 Revision

Version

Date

Description

0

First version.

2 Introduction

This document describes the propulsion and bragimgrol software in the TRACS
computer for the SEPTA NHSL N-5 car.

3  System Description

The propulsion and braking system on the SEPTA NINSk car is controlled individ-
ually on each truck. Computer A controls the matmmverter and the friction brakes of
truck A. Computer B controls the motor converted &niction brakes of truck B. Each
computer are capable of controlling its convertat fiction brakes independent from
the other computer. This separation makes it ptestibcontinue operation with one of

the computers out of order, although the perforreamiti be reduced.

4  Software Description

41 Genera

Most program modules for propulsion and brakingidestical, or in many cases only
differentated by the signal names for axles, etcomputer A and B. Whether a pro-
gram module is identical, only differentiated bgrsal names or different in computer A
and B, are identified by the 3:rd position in thedule name. The letter X, e.g.,

ABB Traction
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4.2 Trainline Decoder

TMXGX, identifies a program module that are ideation computer A and B. The num-
ber 1/2, e.g., TM1S/TM2SA, identifies a program mledhat have different signal
names but are functionally identical in computefdAand B (2). The letter A/B, e.g.,
TMAWE, identifies a program module that are onlgeuting in one of the computers,
although there may be a similar program modulééndther computer.

Some program modules are only executing in propulsi braking, normally with very
similar program modules for propulsion and brakiegpectively. These program mod-
ules are normally identified by having a P (projui} or B (braking) in the 4:th position
in the module name, e.g., TM1PD/TM1BD.

421 TMXGD, Trainline Decoder

ABB Traction

This program module decodes the propulsion andigaMectrical trainlines to a pro-
pulsion or brake mode.

The propulsion/brake trainlines are decoded acngrtti the following valid trainline
patterns:

Propulsion/ Trainline
Brake
Level

PL |P2 | P3 | P4
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w
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B2

Power 4

Power 3

Power 2

Power 1

Coast

Brake 1

Brake 2

Brake 3

Brake 4

Brake 5

Brake 6

Brake 7
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0
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0
0
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Emergency

Any other combination is invalid. A propulsion abigking trainline pattern must be
present for 200 ms before it is accepted.
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4.2.2 TMXGS, Trainline Supervision

This program module supervises the propulion aadlibg trainline decoder and gener-
ates an output signal indicating the requestedytsagm and braking mode.

The last detected valid trainline pattern will dchuntil a new valid pattern is detected,
but no longer than 2 seconds. Trainline fault didated if no valid combination is
detected for 2 seconds.

The car will default to coast if no valid trainlipattern is detected for 2 seconds and all
the braking trainlines are ok, i.e., BR deenergi@dind B1-B5 energized (1) .

The car will default to B5, friction brake only,rib valid trainline pattern is detected for
2 seconds and any braking trainline is not ok.

The fault signal F_TRLINE indicates that no validinline code has been detected the
last 2 seconds. The trainline code present omitgt board at the leading edge of the
fault signal is stored in two bytes in the non-titdaRWM.

address\bit #7 #6 #5 #4 #3 #2 #1 #0
Power trainlines  $10FF03 PO P4 P3 P2 P1
Brake trainlines  $10FFO05 BR B5 B4 B3 B2 Bl

This program module also generates the signals PENRnd BRAKE_EN, control-
ling if the propulsion or the braking program maetushall be executed. The propulsion
program modules are executed in coast and all poweles (PROP_EN=1). The brak-
ing program modules are executed in all brakingesd@RAKE_EN=1).

The braking program modules will always be exec(BRIAKE_EN=1) when the
brake trainline is energized (TL_BR=1), the emeonydrake trainline is deenergized
(EMBRAKE=1) or the penalty brake trainline is demgieed (FOVERSP=1).

At least brake level B5 is selected if the penbhigke trainline is deenergized
(FOVERSP). Any more restrictive brake level (B6, @&mergency brake) is selected
when requested. If the trainline code does notatdi B5, B6, B7 or emergency brake
within ? ms (TMX??P02), the fault signal FUSPREka@s$to indicate that there is a fault
in the ATC underspeed relay. The following faulindicated:

XXX ?22?
The selected propulsion or braking mode is inditatigh the signals POWERA4,

POWERS3, POWER?2, POWER1, COASTING, BRAKE1, BRAKERAKES,
BRAKE4, BRAKES5, BRAKEG6, BRAKE7 and EMERGENC.

ABB Traction Mpw
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The signals TRAINLIN and TLCODE indicates the s&dectrainline code as an arith-
metic value to be able to easily record the modea graph. Each mode corresponds to
a voltage with coasting being 0 V. TRAINLIN is thbsolute value of TLCODE to have
a better resolution on the graphs.

Mode TRAINLIN TLCODE
Power 4 4V 4V
Power 3 3V 3V
Power 2 2V 2V
Power 1 1V 1vVv
Coast ov ov
Brake 1 1V -1V
Brake 2 2V 2V
Brake 3 3V -3V
Brake 4 4V -4V
Brake 5 5V -5V
Brake 6 6V -6V
Brake 7 A% -7V
Emergency 0V -10V

4.3 Propulsion Control

4.3.1 DMAFA, General Fault Handling

ABB Traction

This program module supervises following fault silgn
Overtemp. indication for electronic cubicle

CB for air cooler fan in U20 tripped

DC 15 V fault in computer A

Inverter blower fault in U20

Voltage door control (Speed less than 5 mph relay)
Line breaker is opened when:

DC 15 V fault occur in computer A

Air cooler blower fault occur
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432 TMIFA, Motor Module Fault Handling
This program module supervises four fault indicatignals:
CB blower TM&AA tripped
Overtemp indication brake resistor TM&AA
CB drive unit TM&AA tripped
Line breaker is opened when:
Brake resistor is overheated
Module contactor TM&AA is disconnected when:
Overtemp indication brake resistor is present
CB drive unit TM&AA is not restored before faultset
Propulsion inverter TM&AA is blocked (disabled) whany of theese fault occur.
This program module also collects the fault sigiiads are generated from the inter-
phase board DTCC509A_T and the fault signal froenQIE link capacitor supervisory
board.
Following fault signals are supervised:
DC-link capacitor fault
Commutation failure in an inverter branch
Drive unit fault
"General fault" from the DTCC 509A-T, this is onfallowing faults:
High GTO current.
Low supply voltage to the board.
Maximum number of instant current limitations haeb reached.
The inverter branch fault detection from modulatoper vision module is also OR
grinded with commutation fault signal

4.3.3 TMI1FB, Pt100 Element Fault Handling

This program module supervises the Pt100 elemehwélhfault indicate if the resis-
tance is too low or too high (short circuit or l@hnection).

Following element is supervised:

Pt100 element Propulsion module heat sink TM&AA

ABB Traction Mpw
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434 TMIFC, High Temperature Fault Handling

This program module suprvises the temperature alhéawit indicate if the measured
temperature is too high. Two fault signals aréf@eeach Pt100 element:

High temp indicates temp above normal.
Overtemp indicates the level when system discortioegtoid any damage.

Normally, High temp is used only for Fault indicatisystem texts. Overtemp will block
and disconnect the faulty module and give anotlaaitthndication system text.

Following elements are supervised:
Temperature Propulsion module TM&AA

An indicated fault on any temp sensor will substitthe measured, faulty value with a
parameter value, P04.

435 TMAFB, Traction Motor Blower Supervision

The program module supervises the traction momwéi contactor.

When the CARWASH switch is pushed, the tractionanbtowers are shut down for a
period of P03 (s). After this time the fans areoauatically started up again.

P04 s after the auxiliary power has started anrasdgiven to the HVAC unit. The start
order is named RUNAC. If the CARWASH is activated HVAC unit will be stopped.

The HVAC is stopped to start the pump-down sequdnmo@utes after that STORAGE
is entered.

The HVAC is stopped to reduce the auxiliary povead if there is a high temperature
in the auxiliary converter or transformer.

436 TMABB, Traction Motor B Blower Control

ABB Traction

This program module makes it possible for A comptaestart traction motor blower B
when computer A does not operate.

The conditions for this operation mode are:
SINGLE, that is that B computer is not executing
AUXPC_ON, AUX power is working

CARWASH is not active

The program module also supervises the tractiomnimower contactor. A fault
will,however, not stop the computer A from runnidgX and propulsion A.
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4.3.7 TMAFE, Motor Module Fault Handling

This program module collects all orders, createcbimputer A, to disconnect motor
module A and transforms them into a sum signals Baim signal corresponds to the
output signal from a large OR-grid with all disceshorders as input signals.

The purpose of creating this sum signal is to dmatéer overview and check of that all
disconnect orders will be executed. At the same titme number of signals to other pro-
gram modules will be essentially reduced.

438 TMAFF, Disconnect Motor Module B Order

This program module collects all orders, createcbimputer A, to disconnect motor
module B and transforms them into a sum signak $hin signal corresponds to the out-
put signal from a large OR-grid with all disconneaders as input signals.

The purpose of creating this sum signal is to dmatéer overview and check of that all
disconnect orders will be executed. At the same titme number of signals to other pro-
gram modules will be essentially reduced.

439 TMAFD, Block Motor Module Order

This program module collect the block requests dinatgenerated in other program
modules.

Output from This program module are three blocluesgs:
block with slow fading of the torque referens

block with fast fading of the torque referens

block with momentarily reduction of the torque mefies

The inverter block will not take place before tbegue reference is almost zero.

4310 TM1DB, Deblock Motor M odule

ABB Traction

This program module includes the deblock logictfar traction module.
The traction module is deblocked when all thredatdbsignals are true:
DBSLOTM&AA Slow block/deblock order

DBQUITM&AA Quick block/deblock order

DBMOMTM&AA Momentan block/deblock order

Deblock signal to propulsion modulator board (DEB&M) is derived from the three
signals above. DEBLM&11 is set true when:

DBSLOTM&AA and DBQUITM&AA and DBMOMTM&AA = true
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DEBLM&11 is set false when:

DBMOMTM&AA = false or

DBQUITM&AA or DBSLOTM&AA = false and TQTOSS_&AA =dlse
(TQTOSS_&AA = torque to spin slide system)

DBSLOTM&AA is true when following conditions areuie:

Master controller in run or standby

Handler in position forward or reverse

Traction module not cut out with this switch

Contactor for traction motor blower closed or CARBA (M&AABLCLD off signal
delayed P5 sek.)

No block signal (BSTM&AA B8) from other modules

Master controller not in B1 to B7 or EM. Block sajris obtained when the controller
has been in brake pos with speed less than 1 mgtt feast P4 ms.

DBQUITM&AA is true when following conditions areue:
Linevoltage greater than TM&11DBP3 volt

Linebreaker closed

Module contactor closed

No block signal (BQTM&AA B8) from other modules
DBMOMTM&AA is true when following conditions areue:
No block order (BMOMTM&AA_B8) from other modules

No line breaker open order (LINEBOP&AA) from othmpdules

4311 TMI1FG, Motor Module Contactor Fault Handling

ABB Traction

Supervision of the traction module contactor iselbg comparing the close order
MCTM&AACL with the contactor closed indication MCT&RAACLD. If there is a dif-
ference between the two signals for more than TME&AR01 ms, a fault signal is given
to the FIS (MCTM&AA_I = True).A block signal is algjiven to the line circuit breaker
and the module contactor (MCTM&AA_D = True).

If there is a request from one or more other pnograodules to open the module circuit
breaker (signal AMCTM&AA D or BMCTM&AA D) the linesircuit breaker is auto-
matically opened via the output signal LB_OP&AA6hEW the module contactor is
opened the circuit breaker is allowed to closeragtier a time delay TM&11FGP02 ms.
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4.3.12 TM1IMC, Motor Module Contactor Logic
This program module controls the TM&AA module carita. The contactor shall only
be operated when the line voltage is zero (LVGTZEREALSE) and the circuit breaker
is open. (LINEBCLD = FALSE).

4.3.13 TMAEM, Energy Measuring

This program module generates the pulses to thermshowing consumed and regen-
erated energy.

The power system voltage and current are multigdied integrated by the software,
generating a pulse train, where every pulse reptesa energy amount of 1 kWh.

Currents with absolute values beneath 5 A is cansitlas 0 A to prevent integration
errors due to the accuracy of the measuring insgnis

4.3.14 TMAOM, Odometer
This program module generates the pulses to thmetiw. The car speed is integrated
and every tenth-mile a pulse is given as outpuhftoe subfunction.

4.4  Propulsion and Dynamic Braking Control

44.1 TMXPS, Speed Reference Select Logic

This program module selects the speed referenagdeto the present propulsion
mode(s).

Propulsion Mode Speed Reference
CAR WASH, POWER1 2 mph

PAN POSISION 10 mph

ATC Cut Out 35 mph

Underspeed relay fault 35 mph
Friction brake fault 35 mph
POWER?2 - 4 80 mph

Cruise Control Current speed

If more than one propulsion mode is active, thedswgpeed reference of the selected is
dominant.

ABB Traction Mpw
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The Cruise Control mode is achieved, when the mast#roller is moved from
POWER3 or POWER4 down to POWER2 and the systemldsih this mode until the
master controller moves to another position.

442 TMXPR, Speed Regulator
This program module contains a P-regulator to cbive speed in propulsion.
The speed, at which the speed regulator shall ibomérthe tractive effort reference, is
considered as reached when the speed equals #ae igference minus an offset and
will so be considered until the speed has decrdaseeath a specified level, defined by
a comparator's hysteresis. This condition is indidavith a signal.

443 TMXPA, Acceleration Reference Select Logic

This program module selects the tractive efforerefice (corre- sponding to a wanted
acceleration at AW1 load) related to the preseopgision mode(s).

Propulsion Mode Tractive Effort Reference
COASTING 0 kN
POWER1,CAR WASH, Speed regulator contribution
Cruise Control or when speed reference is reached
POWER?2 or when a 9.7 kN (-> 1.0 mph/s)
speed sensor failure is present or when overtermputer ind
POWERS3 or ATCCO 19.4 kN (-> 2.0 mph/s)
POWER4 29.0 kN (-> 3.0 mph/s)
If more than one propulsion mode is active, thedstnractive effort reference of the
selected is dominant.
444 TMI1PL, Load Weighing
This program module modifies the tractive effoference in a way that makes the car
acceleration independent in a certain load inter¥alan example, the acceleration in
POWERA4 propulsion mode shall be the same wheratheacries an AWO load as when

it carries an AW1 load.

Figure Tractive Effort vs Load weigh
445 TMXBA, Braking Reference Select L ogic

This program module selects the braking effortnexfee (corresponding to a wanted
retardation rate at AW1 load) related to the prebesking mode(s).

ABB Traction Mpw
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Braking Mode Braking Effort Reference (AW1 load)

COASTING O0kN 0 mph/s
BRAKEL 3.5 kN 0.4 mphis)
BRAKE2 7.1 kN 0.8 mphis)

BRAKE3 10.6 kN 1.2 mph/s)

BRAKE4 14.2 kN 1.6 mph/s)

BRAKES 17.7 kN 2.0 mph/s)

BRAKEG 22.2 kN 2.5 mph/s)

BRAKE7 26.6 kN 3.0 mph/s

For brake levels 6 and 7 special retardation mtesemanded over the speed of 60mph.
At brake level 7 the retardation rate over 60 ngpditileast (6-0.05V) mph/s, where V is
the car speed in miles per hour. At speeds less@Banph the retardation rate is 3.0

mph/s.

At brake level 6 the retardation rate over 60 ngphdt exceeding (6-0.05V) mph/s. At
speeds less than 60 mph the retardation rate im@his.

If more than one braking mode is active, the higbesking effort reference of the
selected is dominant.

If the penalty brake trainline is energized ohi pantopraph is raised without order, the
retardation controller will produce a brake refeicorresponding to brake level 5.

Emergency brake or undefined trainline code wiljuest brake level 7.

446 TMIBL, Load Weighing

ABB Traction

The task of the load weighing system is to keepéh@rdation rates as constant as pos-
sible at varying car loads, up to AW2 at negatraetive effort (braking)

This subfunction modulates the required brakingrefso that the deceleration rates
will be constant at each brake level, independétti@mactual car load weight. The
deceleration will be independent of the car loaivben AWO0 and AW2 at dynamic
braking. See 2.6.2, 2.6.3 & 12.1.

E.g. brake level 5 shall produce an deceleratitsaB2.0 miles/ hour/second at the load
AW2 as well as at the load AWO. The braking effgilt therefore be reduced to about
86% at AWO, compared to AW1.

Note that the friction brake system has its owrupmatic load weighing system, which
will function between AWO and AW3.

Figure Tractive Effort vs Load Weigh
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447 TMI1GL, Load Weighing Supervision

This program module supervises the load weightaighone truck. If the signal is not
within a defined interval, i.e. lower than the Itimit or higher than the high limit, the
signal is considered as faulty and an error signgiven.

The supervision is only carried out when the ampeessor is not running, i.e. the main
reservoir has been pressurized.

448 TMIFL, Fault Handling Load Weighing

This program module performs the fault handlinghef load weighing signal of truck
&AA.

The module generates a fault indication signahéoRlS and a fault signal to be used by
other program modules.

449 TMIGT, Torque Reference Calculation

This program module calculates the torque referencesponding to the tractive or
Blr:king effort reference of truck &AA, forming tlieput signal of This program mod-
The calculation is made with the formula:

Tq = ((k&12 + k&22) / (2 2pi p)) F

Tq = Torque reference of truck &AA

kx = Gear exchange factor of axle x

p = Number of pole pairs = 2

F = Tractive or braking effort reference of truck&

The scale factor ((k&12 + k&22) / (2 2pi p)) is givas output signal to be used in other
programs.

4.4.10 TMI1PT, Maximum Torqgue Limitation

ABB Traction

This program module calculates truck &AA's maximatiowable torque as a function
of the motor speed in propulsion.

The function is based upon the diagram, describiagimum allowable tractive effort
of the whole car as a function of car speed whercér is equipped with new wheels.

The parameters of the module are taken from theeabwntioned diagram. These are
then, by the module itself, scaled from car trazg¥ort and car speed values to the cor-
responding truck torque and motor speed values.
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If a wheel diameter fault is present, the maximulowaable torque is reduced to half of
the normal value. This to prevent overload of glgirmotor in a truck. A too big differ-
ence in wheel diameters will lead to a bad loadisbdetween the motors.

4411 TMXPT, Propulsion Reference Sour ce

ABB Traction

This program module performs the fault handlinghef trainline.

Two seconds (TMXGSPOL1 in Train Line Supervision oieylafter the last valid train-
line command a fault signal F_TRLINE is set. Frdra tommunication module corre-
sponding signal FTRLINEO from the other computeneiseived.

This program module decodes the Train line fagihais received from both A and B
computer. The Fault trainline signal is activeniitte is an invalid trainline code for more
than TMXGSPOL1 sec (2 seconds).

F_TRLINE: Trainline fault signal from "own" compute

FTRLINEO: Trainline fault signal from "the otherbmputer.

COMM_RUN: Paralell communication is operating.

MASTER : "Own" computer is master.

F_TRLINE FTRLINEO COMM_RUN MASTER TMXPTTER 0 0 0ODMXPATER
0001 TMXPATER

0010 TMXPATRO

0011 TMXPATER

0100 TMXPATER

0101 TMXPATER

0110 TMXPATER

0111 TMXPATER

1000)

1001)

1010 TMXPATRO

1011 TMXPATRO

1100)

1101)

1110)
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1111)where TMXPATER is "own" tractive effodference
TMXPATRO is tracive effort reference from "othedraputer.
) means that the reference:

first is frozen for P02 ms

then reference is set by P01 value

after additional PO3 ms computer is stalled.

4.4.12 TMI1BT, Maximum Torque Limitation

This program module calculates truck &AA's maximatiowable torque as a function
of the motor speed in braking.

The function is based upon the diagram, describiagimum allowable tractive effort
of the whole car as a function of car speed wherc#r is equipped with new wheels.

The parameters of the module are taken from theeabwntioned diagram. These are
then, by the module itself, scaled from car traz¥fort and car speed values to the cor-
responding truck torque and motor speed values.

If a wheel diameter fault is present, the maximulowaable torque is reduced to half of
the normal value. This to prevent overload of glgirmotor in a truck. A too big differ-
ence in wheel diameters will lead to a bad loadisgadbetween the motors.

4.4.13 TMXBT, Braking Reference Source

ABB Traction

This program module performs the fault handlinghef trainline.

Two seconds (TMXGSPOL1 in Train Line Supervision oieylafter the last valid train-

line command a fault signal F_TRLINE is set. Frdra tommunication module corre-
sponding signal FTRLINEO from the other computeneiseived.

This program module decodes the Train line fagihais received from both A and B

computer. The Fault trainline signal is activehiitte is an invalid trainline code for more
than TMXGSPOL1 sec (2 seconds).

F_TRLINE: Trainline fault signal from "own" compute

FTRLINEO: Trainline fault signal from "the otherbmputer.

COMM_RUN: Paralell communication is operating. F LTRE FTRLINEO
COMM_RUN TMXBTBRR 0 0 0 TMXBABRR

0 0 1 TMXBABRR
01 0 TMXBABRR

011 TMXBABRR
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100)

101 TMXBABRO

110)

111)

where TMXBABRR is "own" braking effort reference
TMXBABRO is braking effort reference from "otherbmputer.
) means that the reference:

first is frozen for P02 ms

then reference is set by P01 value

after additional PO3 ms computer is stalled.

4.4.14 TMI1BN, TorqueLimitation Dueto Low Speed

This function describes the maximum torque refegeasca function of the velocity of
the car. The braking effort is reduced for low sfsei@ order to cause a smooth stop for
the car.

Figure Braking Effort vs Speed

4.4.15 TMABO, Torque Limitation Due to Overvoltage Choppers

ABB Traction

When all overvoltage choppers are enabled, 100 8amjc braking reference is
allowed. The dynamic braking reference must sonegibre reduced if at least one
chopper is disabled. Depending on the number aleddraction motor module contac-
tors, the dynamic braking reference reduces diffief@oth traction motor modules are
closed For each chopper disabled, the dynamic hgaleference to each traction
inverter is reduced with 25 %. Only one tractiontonanodule contactor is closed If at
least two choppers are enabled, there is no remuofithe dynamic braking reference.
If only one chopper is enabled, the dynamic brak&igrence is reduced with 50 %. Dis-
able of dynamic braking reference In some casedyhamic braking reference is dis-
abled due to different faults:

if both traction motor module overvoltage choppanes disconnected due to drive unit
fault

if all overvoltage choppers are blocked due to pHagic power supply fault
if there is something wrong with the slave compmi@CC102B.
If the maximum allowed dynamic braking referencgrsater than zero, at least one

overvoltage chopper is enabled. If at least onevalge chopper is enabled, it is pos-
sible to close the line capacitor charging contacto
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4416 TMI1BS, Snow Brake

The task of the snow brake is to keep the brakesdisrm and dry, so that ordinary fric-
tion braking can be applied at request withoutylela

If the snow brake contact rocker in the active isalarned on and the master controller
is in any of the seven possible brake positions stiow brake function will activate.
This means that the dynamic brake is reduced $@theast one step of blending takes
place with each brake application, i.e., brakellene will become friction brake only
braking. The snow brake function will not produes driction braking if the master
controller is in power or coasting position.

Level 1 brake (in pu) is subtracted from the loacbmpensated friction brake reference.
The result is added to the dynamic brake referefos. is equivalent to that the
dynamic brake reference is reduced exactly so rthaththe blending will cause friction
brake level 1 in case of snow brake request.

When the snow brake function is active, the ousjigiial Snow Brake Indication will
also be active. This output signal will via trandilight an amber LED in all active cabs
in the train.

When the contact rocker in the cab is turned bé,anow brake will cease and the LEDs
in the cabs will be turned off. This is implementeith an RS flip flop.

4.4.17 TMI1GS, Torque Limitation Dueto High Temperture

The task of this subfunction is to reduce the ivaaffort to protect the inverters in case
of overtemperature. If the temperature of any efttho propulsion inverters increases
over a certain specified level, the tractive effeference to the overheated inverter will
be reduced proportionally to the temperature.

If the air temperature in the power electronic beaches a specified level, the tractive
effort references for the two propulsion invertei both be reduced proportionally to
the temperature. This because the propulsion ierseeproduces most of the heat in the
power electronic box.

In all cases described above different digital taraperature signals will tell the Fault
Indication System that overtemperature has beeactist.

The reduction of the tractive effort is made up@h MAX_&AA, which means that the
maximum allowed torque in Nm is different for diféait velocities. Please note that the
first thing to do if this reduction has to be dexsed, is to let it affect the torque maxi-
mum directly and not via TQ_MAX_&AA as originallyscified.

Default temperatures, giving no tractive effortuetion, are used if temperature sensor
faults are indicated.

4.4.18 TM1GU, Torque Limitation Dueto Line Voltage

ABB Traction

The task of this subfunction is to reduce the tergpference at low line voltage.
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If the line voltage decreases under 630 V, thidusudiion will reduce the torque refer-
ence proportionally to the line voltage. This witintinue down to the level where the
line voltage is 460 V. At this point the tractivifoet shall be reduced to 0% of maximum
T.E.

If the third rail power is very intermittent dueéq. ice, then the torque reference limi-
tation is inhibited. The signal POOR3R flags therpihird rail power condition.

4419 TMI1GJ, Jerk Rate Limitation

ABB Traction

This program module limitates the jerk rate of k8@AA by limitating the torque ref-
erence of truck &AA.

Maximum allowable jerk rate is 2.0 mph/s/s andistoolled by a parameter based upon
the formula:

m d (d/dt) Tq = --------- (d/dtya2pg
Tg = motor torque

m = weight

d = wheel diameter

p = number of pole pairs = 2

g = gear exchange = 5.67

a = acceleration

The output signal of the module is a modified vamsdf the torque reference represent-
ing the input signal of the module.

TQFRJR_&AA is ramped to zero when:

PSIOKM&11 = false or

DBMOMTM&AA = false or

DBQUITM&AA = false or

DBSLOTM&AA = false or

TM&11GJ149 = false

DBACKM&11 = true gives CF with FOLLOW = 0.

IPCACT = true more than P02 ms gives FOLLOW withuealQTOFR_&AA.
Special Cases:

EMERGENCY or low values of TQFRJR_&AA when speetéow 5 mph will also
change the ramp time.
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ABB Traction

Ramp up is set to
P05 normally

P04 if EMERGENCY brake is applied or TQFRJIJR_&AAdd¢ban P03 when speed less
than 5 mph.

Ramp down is set to
P05 normally
P06 if DBQIUTM&AA is set false

P04 if EMERGENCY brake is applied or TQFRJIJR_&AAdd¢ban P03 when speed less
than 5 mph.

At Intermittent Power Collection (IPC):

If the power interrupt is shorter than a certaing;j the output signal of the module is
left untouched. Else the output signal is made ktpesinput signal of the forward/
reverse detection module placed after this andRBeControl module. This to prevent
a too high jerk rate after a relative long poweeirupt.

At Spin or Slide:

These states of the system do not influence Tloigram module and are taken care of
by modules after this one.

At Brake-to-Propulsion transitions (or reverse)

The transition (P -> B or B -> P) gives an signi@li&11GJ149 No Propulsion-Braking
TranSitioN, normally high). When the transition ¢éakplays this signal goes low for
TM&11GJPO01 ms. When this signal is low the torgeference will be ramped down to
zero. This signal also makes the Forward/RevemnsdlaBamodule not to change sign of
its output reference TORQUER&AA. This means thaewlhe reference is ramped
down it will still have the original direction obtque.

When the torque reference TQFRJIR_&AA goes underi@io level decided by
TM&11GJPO03 the signal TM&11GJ149 goes high and #dilesvs the Forward/Reverse
handler to change the sign of its output refereAdime out circuit will not permit to
long waiting for TQFRJR_&AA to get below P03.

At Emergency Braking:
The output signal of the module is ramped withsdiaramp (TM&11GJP04)

Torque reference is limited in propulsion to wisatiaximum available with the signal
PROPLIM. There is no limitations in braking.

Reference for friction brake TQFBJR_&AA is alsoadhted in this modul. Torque is
basically the same as TM&11GTTQR which is very elts Master Controller signal,
but TQFBJR_&AA is ramped up and down. Also, whenskda Controller is moved
from Brake to Propulsion position, TQFBJR_&AA wiilé set to zero by Control Fol-
low, Ramp element .300. This will give a quick braklease when starting up.
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4420 TMI1PM, Torque Limitation Selection Logic

This program module limits the torque referencprimpulsion of truck &AA according
to:

the torque corresponding to the tractive efforerefice
the maximum torque allowed

the maximum torque allowed due to temperatures
the maximum torque allowed due to line voltage

The most restrictive limitation is named PROPLIM

4421 TMI1BM, Torque Limitation Selection L ogic

This subfunction decides the maximum torque allowedaraking according to brake
trainlines, temperatures, speed, line voltage agdmeration cut-out switch.

The electrical brake torque is limited to zerdiétte is no power on the line, i.e. if inter-
mittent power collection is active (IPCACT), wherake mode is entered; or if carwash
control is active.

Regenerative cut-out logic:

The line breaker is ordered open when the regemeraiit-out switch is activated, i.e.
REGCO N is false, and braking is selected. The mari electrical brake torque ref-
erence is reduced proportinal to the speed at pjm&ds to smoothly change over to fric-
tion braking.

The line breaker is closed again when brake modetiselected, or if the dc link voltage
cannot be maintained by the dynamic brake.

The dynamic brake is limited to zero when the bneaker is closed, except at initiation
of the braking.

4.4.22 TMI1PD, Spin Detection
The wheel spin detection system shall detect asg cdwheel spin, synchronous or
asynchronous, and then reduce the acceleratiort sffdhat the wheel spin will cease
as soon as possible.
There are basicly two different cases of wheel:spin

One or two axles of the car spins.

All four axles of the car spins synchronously.

ABB Traction Mpw
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To detect case 1 spin the speed of each of thexides is compared to the true car speed,
after the wheel size calibration. If any signifitdifference is detected, wheel spin is at
present. The detection will be as sensitive asiplessand react at the lowest surely
detectable speed difference, as far below 3 mibes/bs possible.

To detect case 2 spin we look at the rate of chahgelocity. If this rate is higher than
the maximum acceleration rate for a sufficientigddime, wheel spin is at present.

Please note that the DER element ought to be es@aut T3 in order to get sufficient
accuracy in the retardation value.

T3 =60 ms <-> accuracy of 0.051 mph/s
T2 =12 ms <-> accuracy of 0.254 mph/s
Before the first wheel size calibration has beeriqumed, the detection of wheel spin
will be less sensitive.

4.4.23 TMI1PP, Spin Protection
The wheel spin protection system shall reduce tleelaration effort so that the wheel
spin will cease as soon as possible. When wherlispit present, the dynamic brake
reference will be reduced, so that the wheel splincease.
When the wheel spin has ceased, the tractive efititbe resumed in a controlled way.
First the reference will be put up rather quickdyabout 60% of its original value by a
fast ramp element. Then it will slowly be increateis original value by a slower ramp
element. This is made to avoid subsekvent wheal #ipgihere has not been a new spin
when slow ramp reach P08% (105%) then the slow naithpe substituted with a
quicker ramp.
The fast slope time is set to 200 ms (GS 90 msAdBIT276 ms, ISTAnew 406 ms)
(from 0 to max). The slow slope time is set to 2480(GS 1802 ms, ISTAold 2300 ms,
ISTAnew 2410 ms). This will have to be tuned.

Spin can be simulated by letting the parameter TWRRLO1 = TRUE

4.4.24 TMI1BD, Slide Detection
The wheel slide detection system shall detect asg of wheel slide, synchronous or
asynchronous, and then reduce the deceleration sffahat the wheel slide will cease
as soon as possible.
There are basicly two different cases of wheekslid

One or two axles of the car slides.

All four axles of the car slide synchronously.

ABB Traction Mpw



sida 21

Resp. dept  Tech. ref. Drawn by Date of first issue Ident. No. Lang. Rev

DRT Tomas Andersson Tomas Andersson  2019-01-15 DRyynnnSEPTA E Draft

To detect case 1 slide the speed of each of theafdes is compared to the true car
speed, after the wheel size calibration. If anyi$icant difference is detected, wheel
slide is at present. The detection will be as smesas possible, and react at the lowest
surely detectable speed difference, as far belavilés/hour as possible.

To detect case 2 slide, we look at the rate of gharf velocity. If this rate is higher than
three times the maximum deceleration rate for icsemtly long time, wheel slide is at
present. The time-intervals discussed above shalkbermined carefully, with the rota-
tional inertia of the axles considered as a priawtdr in the calculation. A worst case
adhesion of 5 percent shall be assumed. (See 14.2.4

Please note that the DER element ought to be es@aut T3 in order to get sufficient
accuracy in the retardation value.

T3 =60 ms <-> accuracy of 0.051 mph/s
T2 =12 ms <-> accuracy of 0.254 mph/s
Before the first wheel size calibration has beerigpmed, the detection of wheel slide
will be less sensitive.

4.4.25 TMI1BP, Slide Protection
The wheel slide protection system shall reducealtleration effort so that the wheel
slide will cease as soon as possible. When whiele i at present, the dynamic brake
reference will be reduced, so that the wheel slidlecease.
When the wheel slide has ceased, the braking effbthe resumed in a controlled way.
First the reference will be put up rather quickdyP04 % (85%) of its original value by
a fast ramp element. Then it will slowly be incre@i$o its original value by a slower
ramp element. This is made to avoid subsekvent bglide. If there has not been a new
slide when slow ramp reach P08% (105%) then the shmnp will be substituted with
a quicker ramp.

The friction brake blending will be suppressed whendynamic braking is reduced
during slide correction activities.

The fast slope time is set to 200 ms (GS 90 msAd¢BIT276 ms, ISTAnew 406 ms)
(from 0 to max). The slow slope time is set to 248)(GS 1802 ms, ISTAold 2300 ms,
ISTAnew 2410 ms). This will have to be tuned.

Slide can be simulated by letting the parameter T¥BPLO1 = TRUE

4426 TMI1SS, Low Adhesion Detection

4427 TMI1SA, Sanding

Sanding is requsted at three occasions:

ABB Traction Mpw
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At spin indication
At slide indication
At emergency brake (unconditionally)

Sand is put on the rail in front of the leading cally. Sanding is inhibited when the
speed of the car is lower than 1 mph (VGT1.0 =gfals

Following spin or slide cases are covered for:
Emergency brake.

Sanding is immediatly started and will continueiluhe speed is lower than 1 mph
(VGT1.0 = false) or until emergency brake is reset.

Single, short spin or slide indications.

The first indication will be saved as number ona icounter (.150). If the second indi-
cation comes after a longer time interval than P82he indications are considered to
be single one's and the counter is reset betweadniedication. No sanding request is
given. The reason is to avoid the car from spilbagd at each single indication.
Repeated spin or slide indications.

When spin or slide indications are coming repeatedth a shorter time interval than
P02 ms they will each one increase the value ictmter with "1". When the number
of indications has counted to PO1 sanding is regdes

Long spin or slide indications.

When a spin or slide indication is longer than R@3sanding is requested at once.

Each request for sanding is at least P04 ms long.

4.4.28 TMI1MF, Torque and Rotor Flux Reference

This program module generates a rotor flux refezg¢ac¢he propulsion modulator board.

4429 TMI1GK, Inverter Model

This programme module will compensate for the irfgions that the inverter shows
under different loads and frequencies.

The compensation is made with two models, model ldod model No 2. No 1 is active
in the low frequencies (0 to 30-50 Hz) Model Na2ctive in the middle frequencies
(30 - 50 up to 100 Hz).

Model No 1 gives a contribution to the stator riggise as output signal. This signal
RCONTM&11 is sent to the TM&11MS module (signal iéfon for the slave) where
this contribution is added to the stator resistambés new stator resistance is then used
in the motor parameter program TMMPAS in the slave.

ABB Traction Mpw
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Model No 2 works in a different way. This modeladhtes a contribution to the stator
flux (DELPSIM&11). This value is sent to TM&11MS difirom This program module
sent down to the slave. The slave adds this carioibh DELPSISM&11 to the calcu-
lated flux PSISREF.

In order to make a "soft" change from one modéh&other a frequency dependent
multiplication is made. When model No1l is decregéinvalue, model No 2 is increas-

ing.

The compensation is disabled when Master Contridlar position COASTING.

4430 TMI1GP, Intermittent Power Collection

ABB Traction

This program module detects when the DC link vatdmpps due to intermittent power
collection. This will happen when the car is crogghe neutral sections of the catenary
power, when the third rail is covered by ice ongmmw when the car is leaning more than
normal.

When an intermittent power collection is detectealtbrque reference will be forced to
a slightly (dynamic) braking reference. This wigihe the effect that the DC link voltage
is kept close to nominal line voltage.

Regeneration cut out (REGCU) switch in K41 willatide the intermittent power col-
lection module.

When the power collection is disturbed this camlécted in one of three different
ways:

The DC link voltage drops below a threshold valB21()

The slope of the decreasing line voltage is higih@tsame time as the slope of the
decreasing line current also is high. This is theecwhen the car is running through a
neutral section with the Master Controller in P4igon.

The slope of the decreasing line voltage is lowdmuistant (longer time than P99) at the
same time as the line current is very low (lowantP98). This is the case when the car
is running through a neutral section with the Ma&entroller in COASTING position.

The calculating elements are .90 for line voltage &1 for line current.

Under normal power collection the torque referesded through the ramp element
.335

When an intermittent power is detected the rammetd .335 is immediatly put into
Control Follow mode. This will cause the outputrgifjfrom the element to follow the
FOLLOW input instead of the IN signal. The FOLLOWrsal will give a slightly brak-
ing torque reference making the DC link voltagénttrease due to dynamic braking.
The braking torque reference is given from a RANd#Prent. The value of the input sig-
nal to this RAMP element is controlled by the vatdehe line voltage.

Reapplication of power is detected with the helghefline current. When the line cur-
rent is greater than a certain value (P41) a tislayeéd signal (P53 ms) is resetting the
ramp element to its normal mode of operation.
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4431 TMI1GF, Forward/ReverseLogic

This program module controls the sign of the tormference to the motor of truck
&AA to achieve acceleration in the wanted direction

The following rules are followed:

Forward Propulsion ! Sign of Torque

Wanted Wanted ! Reference

NO NO ! KEEP

YES NO ! CHANGE

NO YES ! CHANGE

YES YES | KEEP

If the wrong car motion direction signal is trulee torque reference is set to zero.

The signal PROPING will decide when it is time t@mnge sign on the signal.

4.4.32 TMI1GE, Test Deblock of Propulsion Modulator

This program module makes it possible to test psipn inverter &AA when the test
switch is held in TEST position.

During test, This program module sets the torquerobof inverter &AA in atest mode,
where the controller and the inverter phases abled and the modulation patterns are
reaching the thyristors without having any hightage connected to the inverter. The
modulation pattern corresponds to a rotor frequethefined by a parameter in This pro-
gram module. The module also makes sure, thatrther of disconnecting inverter
&AA from the line is carried out before the invarfghases are enabled in test mode.

This makes it possible to test the chain from tlvelotator pulse to the thyristor pulse
in a safe way.
4433 TMI1MS, Propulsion Modulator Communication

This program module defines the signal names imlthéble port memory (propulsion
modulator board memory).

As a part of the activation of the modulator boduel parameters for the modulator are
sent down.

Fault signals from the modulator board are preskwith termtext element on a con-
nected hand held terminal.

ABB Traction Mpw
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4434 TMIMR, Propulsion Modulator Board Activation
The module has two main functions:
activation of modulator board DTCC121A
supervision of hard- and software malfunctions
When DEBLOCK order is given to the motor board mathr DTCC121A, a deblock
acknowledge has to be present within TM&11MRP1 Tl module will be discon-
nected after three (TM&11MRN4) fault indications.
The DEBLOCK order consists of three signals :
DBSLOTM&AA
DBQUITM&AA
DBMOMTM&AA

and all three of them has to be true.

The name of the acknowledge signal is DBACKM&11.

4.4.35 TMI1FP, Torque Supervision

This subfunction calculates the inverter currenéction and the achieved electrical
torque to supervise the inverter control.

The direction of the current on the dc side ofitherter is supervised. The current is
measured with a current transducer and connectadaiog input channel 12 on
DTAIL01H-T via the signal adaption board DTAA502B{D&AA is scaled so that
#32767 represents +1000 A in to the inverter.

The inverter is blocked if the current exceeds +250 braking, i.e. when trainline BR
is high or overspeed is indicated by the ATC, farenthan 5 seconds

The electrical torque is calculated from the curmmnthe dc side of the inverter, the dc
link voltage and the speed:

T=UD ID/n

The inverter is blocked if the calculated torqud #re achieved torque indicated by the
inverter control differs more than ? A for morerifaseconds

FTORQUE&AA is set to block the inverter if any tfese faults are detected.

ABB Traction Mpw
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45 Overvoltage Chopper Control

451 DMXOG, Overvoltage Chopper System Program

ABB Traction

This program module includes the following

Definition of a logical name for the slave.

Clear slave RWM.

Start the slave.

IREQ1 acknowledge.

External definitions of signals created in this pgrodule and used in others.

Test points.

This program module is used to define the slavéhfemmaster. The slave is given a log-
ical name which are used in other programs whamgusie DTCC102A element.The
error flags from the slave are also given logicahes.

During start up the slaves RWM area is clearedadtedt a "hand shake" procedure the
slave is started. The acknowledge of a slave(Sfgduiest is also done in this program
(if needed).

Flow chart:

Set a logical name for the slave.

Start up the slave.

START UP PROCEDURE

MASTER SLAVE

STOP THE SLAVE

CLEAR RWM ON THE SLAVE

RELEASE THE SLAVE

THE SLAVE GOES INTO A WAIT LOOP WAITING FOR A COMMAD TO RUN
ITS INIT LEVEL.

GIVE THE SLAVE THE COMMAND TO START EXECUTE ITS INI LEVEL.
IS THE SLAVE READY?

THE SLAVE RUNS ITS INIT LEVEL.WHEN IT IS READY IT NDIC. THAT TO
THE MASTER.

SEND A COMMAND TO THE SLAVE TO START ITS "ORDINARY'DUTIES.
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HAS THE SLAVE ACKNOWLEDGED?

ACKNOWLEDGE THE COMMAND AND START WITH THE "ORDINAR™
DUTIES.

END START UP PROCEDURE END START UP PROCEDURE

Acknowledge the IREQ1 from the slave.lt should baalon the 11 level.

452 TMAPT, Pt100 Element Supervision

This program module suprvises the pt100 elemenwdlhthult indicate if the resistance
is too low or too high (short circuit or bad contieg).

Following elements are supervised:
Pt100 element Overvoltage chopper heat sink TMA-TMB

Pt100 element Overvoltage chopper heat sink AUX

453 TMAFG, Temperature Supervision

This program module supervises the temperaturavdlhfhult indicate if the measured
temperature is too high. Two fault signals aré@eeach Pt100 element:

High temp indicates temp above normal.
Overtemp indicates the level when system discortioestoid any damage..

Normally, High temp is used only for Fault indicatisystem texts. Overtemp will block
and disconnect the faulty module and give anotlaaittkndication system text.

Following elements are supervised:
Temperature Overvoltage chopper heat sink AUX
Temperature Overvoltage chopper heat sink TMAB
An indicated fault on any temp sensor will substitthe measured, faulty value with a
parameter value, P04.
454 TMAFO, Overvoltage Chopper Fault Handling

This program module includes the fault handlinghef overvoltage choppers. Input sig-
nals are the three module voltages, status of breakontactors and switches.

Output signals are indication signals (signals thisplay fault texts on the FIS), block-
ing signals and disconnecting signals.

Three different faults are detected:

ABB Traction Mpw
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overvoltage chopper drive unit fault

overvoltage chopper phase logic low power supply

Four different FIS texts are used to indicate aldauéis, one for each chopper phase.
too big deviation between module voltages (UDIFF=V)

This fault is indicated in the FIS as a measurerfaarit, one text for each module.

To big deviation between module voltages is detettehe following way:

If one module voltage deviates more than UDIFFLIPovh the other two, the following
happens:

all inverters are blocked

the line circuit breaker is opened
the DC-link is discharged
Overvoltage chopper drive unit fault

When an overvoltage chopper drive unit fault isedetd, the faulty chopper is disabled
by the phase logic and the maximum dynamic brakéfigrence is reduced.

When fault reset is pushed and the fault disapp#aslynamic breaking reference
reduction is removed.

If both traction module overvoltage choppers asablied, also the dynamic braking is
disabled.

Overvoltage chopper phase logic low power supply

When overvoltage chopper phase logic low power ugpletected, all choppers are
disabled. The maximum dynamic braking referenadds disabled.

When fault reset is pushed and the fault disapp#asdynamic braking reference is
enabled again.

This program module is only executing if the sigf&®CC_ON is True.

455 TMAGP, Deblock of Overvoltage Chopper Phases

ABB Traction

This program module enables the overvoltage cheppben there are no overvoltage
chopper faults. When the overvoltage choppersaibled, OVCA_ON enables the
execution of TMXFO and TMXGO program modules.

The TESTACT signal will also deblock the invertdrihe parameters TMAGPP1, P2
and P3 are true and chopper control is activatado@® ON)

The parameter TMAGPP4 will make it possible to stvitrom A-computer control to
B-computer control.
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456 TMXGO, Overvoltage Chopper Control Logic
This program module includes the elements for thamltage control logic.

It is possible to deblock the overvoltage choppearsoon as the computer has started
and the parameter DEBLOCP is set to true.

There are two ways of deblocking the choppers. Wheiswitch on the control cubicle
is in position ON, deblock is ordered by the signal

DEBLOCHL1 for the TMA overvoltage chopper
DEBLOCH?2 for the TMB overvoltage chopper
DEBLOCHS for overvoltage chopper 1 and 2 in AUX ratad

If the control cubicle switch is in the position $E, all choppers will be deblocked and
an output reference will be sent to the choppers.

When the the signal DISCHARGE is True the ovengsdtahoppers are turned on for a
short time to "take down" the line capacitor voltag

The signal LVGTZERO is set when any of the threelD& voltages are exceeding P11
volt. However, a "time out" circuit is also provitlthat will force this signal to zero P01
ms after the linebreaker is opened. The reasathi®is to avoid an undefined mode of
operation where the overvoltage choppers not haesied to bring the DC-link voltage
to zero in all three modules. If there is no tinmé @rcuit the alternative is to wait several
minutes until the bleeder resistors have dischatiged C-link.

All time-parameters that are transmitted to theesleomputer DTCC102B, must be
multiplied by 0,8. The reason is that in the slewmputer system definition the level 11
is set to 2 ms, but the true interrupt level isi2d

4.6 Friction Brake Control

4.6.1 CAI1BB, BrakeBlending

The main task of the brake blending system isddpce the correct mixture of dynamic
and friction brake at every moment.

The basic brake blending function will compare tibguired braking effort with the
recieved dynamic braking effort. If there is anffatience between these two signals, the
dynamic brake does not produce enough brakingteffiod we must add some amount
of friction brake to achieve the requested brakatg. Of course the difference between
the required effort and the recieved effort gives éxact amount of the friction brake
necessary.

The figure below shows the basic principle of thending function:

ABB Traction Mpw
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At car loads between AW2 and AW3, friction brakestrioe added to the dynamic brake
to achieve the requested retardation rate. Thisdoeitlone by the basic blending func-
tion, since the recieved dynamic brake effort nifita@rrespond to the requested brake
effort, in this case.

When the emergency brake is activated the blerfdimgtion will be cut out, since
dynamic brake may be added to the emergency fnittiake.

4.6.2 CAI1BC, Friction Brake at L ow Speed

The friction brake will be reduced just before ipeeed is zero. This function will be
implemented to cause a smooth stop for the caer&ft appropriate short time interval
following the stop, normal braking performance il restored. Note that this brake
reduction function will be active only if a peakegg of 15 mph or more was reached
since the last stop.

At a speed as low as possible (CA&11BCP0O7 mphistmamic brake will fade out and
the friction brake will gradually replace the dynarbrake. Instead of the friction brake
reference from the brake blending, the total braerence will become the output of
this program module.The reduction of the dynamakbris made in the CA&11BN pro-
gram module.

4.6.3 CAI1BF, Friction Brake Freeze at Slide Condition

46.4 CA1BV, Friction Brake Valves Control

ABB Traction

This subfunction controls the friction brake valv€le output are the three digital con-
trol signals to the friction brake unit. These sitgrcorrespond to the three trainlines B1,
B2 and B3 when friction brake only is demanded.

There are only five friction brake levels availablenormal mode, and one for emer-
gency braking. They are coded in the same wayeafivth lowest braking commands
are coded on the trainlines.

When the exact amount of the required friction brakdetermined, the nearest of the
five possible friction brake levels is chosen, &melcode corresponding to that level is
put out to the friction brake unit.

Friction brake level Condition Code: B1 B2 B3

1 REQFRBF&AA > BRAKE1(A,B) X - X

2 REQFRBF&AA > BRAKE2(A,B) - - X

3 REQFRBF&AA > BRAKE3(A,B) X X -

4 REQFRBF&AA > BRAKE4(A,B) - X -

5 REQFRBF&AA > BRAKE5(A,B) X - -
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Emergency EMBRAKE = true - - -
Brake level Brake pressure

0 0 (psi) = 0 (bar)

1120.8

21913

32517

43121

53725

Em 43 3.0

4.6.5 CAI1BG, Dump Valves Control

ABB Traction

The task of this subfunction is to control the duvapves to the friction brake system.
In case of slide, the friction brake will be reledsIn order to accomplish this as fast as
possible, the friction brake is released by the plvalves and not via the friction brake
reference, on a per truck basis. The brakes anglveleased until they are completely
released or until slide is no more present. Th&dsare then slowly applied again by
pulsating the dump valves. By switching between enbd and 0,1 , the brakes are
slowly released and by switching between 0,0 afdty are slowly applied.

“release valve" "hold valve"

normal, brake apply 0 0

hold 0 1

not allowed 1 0

release 11 1 Figure

The system consists of following parts:

A counter (.240) that simulates the actual brakiressure by counting between the lim-
its set by parameter PO7 (min pressure) and P08 messure).

A latch (.130) that latches the current value ef¢bunter when SLIDE appears.

A comparator element (.160) that will set the valt@ Normal (0,0) when counter has
counted to previous latched value plus a numbepohts set by parameter P0O2.

A comparator element (.170) that will give an @litapply pulse with a length that
increases braking pressure to P03 percent of the tlee counter had prior to the SLIDE
signal. A "16384" value of P03 equals 100 %..
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A counter (.180) that will give a pulse train defihby the parameters P04 (or P08 at low
speed) and PO5. This pulse train will determinerdéite of increasing braking pressure.
P04 (or P08 at low speed) is the time between Bachal pulse (0,0) and P05 is the
duration of the Normal pulses. Low speed and hpged is set with parameters P10
(upper limit for high speed) and P09 (lower lingt fow speed). The reason for this is
to avoid long reapplication times at low speed. $ygtem works in following way:

When SLIDE signal is set true the counter .240 beglreset and the two antislid valves
will be set to Dump (1,1). The value that the ceutiad prior to the SLIDE signal will
be latched in element .130.

When the SLIDE signal goes false, the counters#dlit counting. As long as the counter
value is less than PO3 percent of the previos vildeeounter will count rapidly (ele-
ment .170 is true) and antiskid valves will betia Normal position (0,0), increasing the
braking pressure.

When P03 percent of the counting value is reacheadent .170 will go false and thus
force the antislid valves to Hold position (0,1jtek this point the counter (and the pres-
sure) is increased for each count of the coun&®..The pressure is increased during
the PO5 ms and hold constant during the waiting tH84 ms (or PO8 ms at low speed).
When the counter, finally, has reached the latctadge in element .130 with the added
number of counts (P02) the antiskid valves aréosBibrmal and thus applying normal
pressure to the brakes again.

4.6.6 CAILFB, Friction Brake Supervision
This program module monitores the function of thgtibn brakes and the dump valves.
The friction brakes are checked in two ways:

The output BCU control order are red back via irfpeaird and the status is checked.

When a brake order is given (any of the three BGhtmol signals are made active) a
check is made that the pressure switch indicatsspre.

The program module also supervises the dump vagwals. The outputs from Dump
Valves Control Logic module (ASKREL&AAO and ASKHOLZAO resp) are read
and compared with the actual given orders to theplvalves (ASKREL_&AA and
ASKHOL_&AA resp).

If there is a fault indicated, a fault text is desped on the FIS display. Limitations will
take place that restricts the performance of théd€& cut out limits.
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